The reductive pentose phosphate cycle (6, 29, 8) is currently believed to be the pathway by which CO2 is converted to carbohydrate in photosynthesis. Evi Enzymes of the pentose phosphate cycle are ubiquitously distributed (2, 4, 5, 17, 18, 20, 21, 22, 23, 24, 28, 29, 30, 36, 37, 38, 41 
The reductive pentose phosphate cycle (6, 29, 8) is currently believed to be the pathway by which CO2 is converted to carbohydrate in photosynthesis. Evi- dence for the functional role of this cycle is derived mainly from isotope experiments. Brief exposure of photosynthesizing algae to C1409 produces radioactive 3-phosphoglycerate (3-PGA ) 3, labelled mainly in the carboxyl group ( 11 ) . The cyclic nature of the photosynthetic carbon path is indicated by the subsequent appearance of isotopes in the a and /8 positions of 3-PGA, as well as in phosphate esters of ribulose and sedoheptulose (28) . Kinetic studies by Calvin and Massini (14) and Bassham et al (7) on the fluctuation of pool sizes, revealed that transition from light to dark resulted in an increased concentration of 3-PGA accompanied by a decreased concentration of sugar diphosphate. Studies (43) carried out with algae subjected to changing partial pressures of COO demonstrated a fall in 3-PGA and a rise in ribulose diphosphate (RDP) concentration when the CO., concentration was changed from 1 % to 0.003 %.
Enzymes of the pentose phosphate cycle are ubiquitously distributed (2, 4, 5, 17, 18, 20, 21, 22, 23, 24, 28, 29, 30, 36, 37, 38, 41) . However, no single photosynthetic organism has been shown to possess all of the requisite enzymes and in amounts sufficiently high to support photosynthesis by this pathway. In this report, the quantitative aspects of all the pentose phosphate cycle enzymes in extracts of several photosynthetic organisms were investigated. We compared the rate of photosynthetic CO2 fixation of the intact organism with the enzyme capacities (activities at saturating substrate concentration) in an extract of the same organism. Our results indicate that several en- (34) .
B, A slant of a low temperature Chlorella pyrenoidosa was kindly supplied by Dr. M. Gibbs. The cells were grown in 1 liter Erlenmeyer flasks in the medium of Norris et al (25) , except that 10 mg NaCl per liter were added, and 5 mg FeSO4 and 2 mg tartaric acid per liter were substituted for the suggested Fe-EDTA additions. The container was stoppered with a cotton plug through which a bubbling tube was inserted. Air containing 5 % CO, was bubbled through the medium under sterile conditions. The temperature was maintained at 230 and illumination at 1,000 ft-c. The cells were washed as described above.
C, A culture of Euglena gracilis Klebs., strain Z, was obtained from Dr. S. Hutner. The organisms were grown under sterile conditions in the medium of Cramer and Myers (16) at 240 C, and illumination was supplied by fluorescent lamps at an intensity of 400 ft-c. Cells were harvested after 6 days and washed at 1,000 X g at 20 C with 0. and the cell suspension in a volume of 10 ml were dispensed into the Nossal cup. The cup was evacuated (27) (29) or by a C14O., fixation assay similar to that of Jakoby et al (24) . In a volume of 0.5 nml, the following were added: tris buffer, pH 7.8, 20 ,umoles; GSH, 2 gnmoles; bovine serum albumin, 0.4 mg; MgCl.,. 4 /moles; KHC1403, 30 ,umoles; RDP, 0.40 ,tmoles, an(l the extract to be assayedl. After a suitable incubation period, 0.5 ml of 10 % trichloroacetic acicl was added and anl aliquot of the centrifuged supernatant solution was plated and counted.
Glyceraldlehyde-3-P dehydrogenase and 3-phosplhoglycerate kinase were assayed in the back direction (44) . Transaldolase (15) , xylulose-5-P epimerase an(l ribose-5-P isomerase (36) , phosphoribulokinase (29) , aldolase (44), glyceraldehyde-3-P isomerase (10) A survey test of some vitamlins. concentrated cofactors froml liver or yeast anid crude boiled juice of Chlorella revealedc no stinmulation of the carboxylation of RDP. In all cases, the omissioni of RDP resulted in no CO., fixation.
DISCIJSSION
Our studies showv that, as wvith glycolysis (44) and the urea cycle (13), assays for the pentose phosphate cycle enzymes may be applied to crude cell extracts. In analyses of glycolysis, the urea cycle, and pyrimidiine biosynthesis, the least active enzyme had a capacity several-fold higher than had the overall process (13, (44) (45) (46) . On the basis of the observation that cell-free extracts of Atiacystis iuidItlans show lowv aldolase activity, Richter (31) The possibility that the pentose phosphate cycle enzymes within the intact cell operate in an organized way, resulting in an increased activity, is not one that is easily tested with the techniques currently available. The measurement of the enzymes in the profiles reported here were carried out at optimal substrate concentrations. Since it is unlikely that such conditions are prevalent in the intact cell, the discrepancy discussed above may be even greater than is immediately apparent from the data.
Numerous other CO, fixation pathways have been proposed in the past, particularly some channeling into amino acids (19, 40) . However, none of these pathways has been formulated to include a cyclic regenera- 
